The present work investigated the effect of the interval of serial sections of ovarian tissue on the number of isolated preantral follicles in the goat. Goat ovaries were cut in the tissue chopper at eight different intervals. The quality of isolated follicles were evaluated by histology and transmission electron microscopy. Best results were obtained when the ovaries were cut in the tissue chopper at intervals of 75.0 μm (9664 preantral follicles per ovary). Histochemical and ultrastructural analysis showed that the follicular morphology was preserved after mechanical isolation as demonstrated by the normality of oocytes and granulosa cells as well as by preservation of basement membrane. The percentages of isolated primordial, primary and secondary follicles were 96.3%, 2.5%, and 1.2% and their average diameters were 21.5, 34.7 and 65.3 μm, respectively. It was concluded that the interval of serial sections of ovarian tissue in the tissue chopper affects the number of isolated preantral follicles, and that the follicles remained intact after mechanical isolation in goats.
Introduction
Since the mammalian ovary contains many thousands of preantral follicles and most will become atretic during their growth and maturation (Carroll et al., 1990; Saumande, 1991) , new investigations were focused on the in vitro culture of preantral follicles. The use of oocytes from preantral follicles for reproductive techniques could offer significant new ways for the propagation of valuable animal stocks. However, the first limiting step of this approach is the recovery of large numbers of healthy preantral follicles from the ovary.
Techniques for isolating preantral follicles from domestic species have been reported (Greenwald and Moor, 1989; Lazzari et al., 1992; Figueiredo et al., 1993; Jewgenow and Pitra, 1993; Nuttinck et al., 1993; Hulshof et al., 1994; Jewgenow and Göritz, 1995; ) . Figueiredo et al. (1993) showed that a large number of preantral follicles can be isolated from bovine ovaries using a tissue chopper adjusted to 50.0 μm interval of serial sections. Using the same method, Rodrigues et al. (1998) described that goat preantral follicles can also be successfully isolated.
However, no information about the quality of goat preantral follicles after their isolation was reported. Moreover, it is not known if the number of isolated goat preantral follicles can be increased by changing the interval of serial sections of ovarian tissue in the tissue chopper.
The aims of the present study were to determine the effect of the interval of serial sections of ovarian tissue in the tissue chopper on the number of isolated goat preantral follicles, and to investigate, by histological and ultrastructural analysis, the quality of the isolated preantral follicles.
Material and methods

Ovaries
Ovaries (n=84) from adult (1-3 years old) and non-pregnant mixed breed goats were collected at a local abattoir. The ovaries were washed in 70% alcohol for, approximately, 10 s, and twice in 0.9% saline solution. Then, each ovary was transferred into 10 ml of saline solution and transported to the laboratory in a thermoflask filled with water at 4°C.
Isolation of preantral follicles
The development of a specific mechanical method to isolate preantral ovarian follicles from adult goats was based on the mechanical procedure described by Figueiredo et al. (1993) for bovine ovaries. In the present work, eight treatments were tested which differed from each other according to the cut interval adjusted in the tissue chopper (The Mickle Laboratory Engineering, Gomshal, Surrey, UK): 12.5 (T1), 25.0 (T2), 37.5 (T3), 50.0 (T4), 62.5 (T5), 75.0 (T6), 87.5 (T7), and 100.0 μm (T8). To test simultaneously all the treatments, for each replica, 12 ovaries from six goats were divided into four parts each, resulting in 48 pieces, which were distributed randomly to the eight treatments. In all treatments the ovarian pieces were cut in the tissue chopper from the cortical to medullar side. The ovarian fragments obtained were then placed in 50 ml of PBS (Phosphate Buffered Saline) plus 5% goat serum (Sigma), suspended 40 times with a large Pasteur pipette (diameter-1600 μm) and 40 times with a smaller Pasteur pipette (diameter-600 μm). The suspensions were filtered successively through 500 and 100 μm nylon mesh filters (Fig. 1) . Each treatment was repeated seven times. To estimate the number of isolated preantral follicles per treatment, the suspension <100 μm was homogenized and then, two samples of 1 ml each were taken and examined separately at the inverted microscope (Zeiss). The follicular diameters were measured with an ocular micrometer, considering the smaller diameter.
The isolated preantral follicles were classified by their morphological appearance according to Hulshof et al. (1994) , i.e. primordial follicles are oocytes surrounded by one layer of squamous or squamous-cuboidal granulosa cells; primary follicles have a single layer of cuboidal granulosa cells, and secondary follicles are oocytes surrounded by two or more layers of cuboidal granulosa cells.
Qualitative analysis of isolated preantral follicles
To evaluate the quality of the isolated preantral follicles, variables such as integrity of the basement membrane, cellular density, presence or absence of picnotic bodies and integrity of the oocyte were observed. Follicular quality was evaluated only in the treatment that yielded the largest number of isolated preantral follicles.
Histology
Freshly isolated preantral follicles were briefly fixed in a solution containing 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2, for 30 min at room temperature. Subsequently, the follicles were embedded in drops of 200 μl of 4% agar solution (agarose, type VII, Sigma, St. Louis, MO, USA). The agar drops were fixed again in the same fixation solution described above for 3 h at room temperature. After the fixation procedure, they were dehydrated in a graded series of ethanol, clarified with xylol, and embedded in paraffin wax. Sections of 7 μm were stained with periodic acid schiff (PAS) and haematoxylin.
Transmission electron microscopy
Some isolated follicles were embedded in agar drops and fixed as described above.
After washing with sodium cacodylate buffer, postfixation in a solution containing 1% osmium tetroxide, 0.8% potassium ferricyanide and 5 mM calcium chloride in 0.1 M cacodylate buffer was performed. Subsequently, the samples were dehydrated in acetone and embedded in Spurr. Thin sections (70 nm) were stained with uranyl acetate and lead citrate, and examined in a Jeol JEM 100 C transmission electron microscope.
Statistical Analysis
To compare the numbers of isolated preantral follicles among treatments, data were subjected to log transformation and ANOVA. Differences among individual means were tested using Duncan's Multiple Range test (SAS). Values were considered statistically significant when p<0.05.
Results
Isolation of ovarian preantral follicles
Data regarding the effect of eight different intervals of serial sections in the tissue chopper on the number of isolated preantral follicles per ovary are included in Table 1 . The mechanical treatment of goat ovaries provides a large number of isolated preantral follicles, irrespective of the interval used for serial sectioning. However, a large individual variation in the number of isolated follicles within the treatments was observed. The limits of this variation were 1550 (T8) and 17220 (T5) preantral follicles per ovary. The mean number of isolated preantral follicles per ovary increased from T1 (12.5 μm) to T6 (75.0 μm) and decreased afterwards in T7 (87.5 μm) and T8 (100.0 μm). However, only T6 (75.0 μm) showed a significantly higher number of isolated preantral follicles compared with T1 (12.5 μm) and T8 (100.0 μm). Significantly more follicles were isolated in T5 (62.5 μm) when compared with T8 (100.0 μm). Table 1 Number of isolated ovarian preantral follicles (mean ±SEM) at eight different sections interval
Morphology and distribution of freshly isolated preantral follicles
The suspension (<100 μm) obtained after mechanical treatment of the ovaries contained numerous isolated preantral follicles, ovarian stroma cells and large tissue parts.
The isolated follicles varied in size and appearance (Fig. 2) . Primordial follicles were characterized by an oocyte surrounded by one layer of flattened granulosa cells. In primary follicles, only a small part of the oocyte was visible; the remainder was covered by one layer of cuboidal granulosa cells. Secondary follicles had more than one layer of cuboidal granulosa cells. The oocyte was not always clearly visible because it was covered by granulosa cells.
Isolated primordial, primary and secondary follicles had a mean (±SD) diameter of 21.5±3.7, 34.7±6.1 and 65.3±22.3 μm, respectively. Taking the treatments together, the population of isolated preantral follicles was composed of 96.3% primordial, 2.5% primary and 1.2% secondary follicles. Fig. 2 . Fresh, mechanically-isolated caprine preantral follicles. Pr: primordial follicle; P: primary follicle; S: secondary follicle.
Qualitative analysis of isolated preantral follicles
In addition to the greater number of preantral follicles isolated, the T6 (75.0 μm) allowed the preservation of follicular integrity. Freshly isolated preantral follicles appeared healthy under the inverted microscope. They were spherical, with one or more organized layers of granulosa cells around the oocyte, surrounded by a basement membrane and with no antrum. No denuded oocytes were observed in this study.
Histological evaluation shows that after mechanical isolation 93% of preantral follicles were morphologically normal with a healthy oocyte surrounded by one or more well organized layers of granulosa cells without pycnotic nuclei (Fig. 3a) . Histochemistry, using periodic acid schiff (PAS), also revealed that the mechanically isolated follicles were surrounded by an intact basement membrane.
The percentage of degenerated follicles was very low (7%) and the degeneration was observed mainly in the oocyte. In degenerated follicles, the oocyte was contracted and strongly stained with PAS and its nuclear chromatin was also clumped (Fig. 3b) . The granulosa cells were apparently unaffected. The signs of atresia were not identified with the inverted microscope, but were detected only by histology.
Ultrastructural analysis of isolated follicles showed that the basement membrane is composed of a compact lamina in the inner part surrounded by a thick layer of collagen fibers (Fig. 4a) . The integrity of the oocyte and granulosa cells was confirmed (Fig. 4b) . 
Discussion
The results of this study have shown that a large number of goat preantral follicles can be isolated using a simple mechanical procedure. Other mechanical procedures for the isolation of preantral follicles are described in the literature. Some authors isolated a large number of ovarian preantral follicles from cows (Figueiredo et al., 1993; Nuttinck et al., 1993; Hulshof et al., 1994) , ewes (Amorim et al., 1998) , domestic cats (Jewgenow and Pitra, 1993; Jewgenow and Göritz, 1995) and non-domestic felids (Jewgenow and Stolte, 1996; Jewgenow et al., 1997) . In addition, enzymatic procedures for the isolation of follicles have been used in various mammalian species (Nicosia et al., 1975; Eppig and Downs, 1987; Daniel et al., 1989;  authors are difficult to perform due to species differences, variation in follicle classification, and types of follicles included in the final count.
Using the tissue chopper, Figueiredo et al. (1993) developed a simple mechanical method for isolating preantral follicles from bovine ovaries. This method consists in cutting the ovarian tissue in the tissue chopper adjusted to a 50.0 μm interval of serial sections. Using the same method, Rodrigues et al. (1998) isolated 1067 preantral follicles per goat ovary. The results of our research indicate that the method developed for cattle is not optimal for goats, since more follicles can be isolated from the goat ovary using a 75.0 μm interval instead of a 50.0 μm interval. The results of the present study demonstrated that the number of isolated preantral follicles is affected by the interval of serial sections. Similar results were described by Amorim et al. (1998) . These authors related that the interval of 87.5 μm is the best to isolate ovine preantral follicles. In the present study, it seems that the use of cut intervals smaller than 75.0 μm may destroy preantral follicles, while the largest intervals may reduce the efficiency of mechanical dissociation of the ovarian fragments with Pasteur pipettes and thus prevent preantral follicle release from the ovarian tissue.
Great individual variation in the number of isolated follicles per ovary was observed in all intervals of serial sections tested in this study. These data are in accordance with many other authors (Jewgenow and Göritz, 1995; Jewgenow and Stolte, 1996; Amorim et al., 1998; Rodrigues et al., 1998) . A variety of factors has been described which may affect ovarian follicular populations, including age (Peters, 1976) , breed (Cahill et al., 1979; Driancourt et al., 1985) , reproductive stage (Erickson et al., 1976) , nutrition (Scaramuzzi et al., 1993) and genetic factors (Erickson, 1966aErickson, 1966b Cahill et al., 1979) .
In the present study, no denuded oocytes were observed, probably because the basement membrane offers mechanical resistance and presumably protects the follicles from physical damage during isolation, as suggested by Figueiredo et al. (1995) . Histochemical and ultrastructural analysis demonstrated that mechanically isolated goat preantral follicles are surrounded by an intact basement membrane. Similar results were obtained by and Figueiredo et al., 1995and Amorim et al. (1998 using the tissue chopper to isolate bovine and ovine preantral follicles, respectively. In contrast, some studies have pointed out that proteolytic enzymes commonly used for isolating follicles are detrimental to cell membranes (Cavanaugh et al., 1963; Grob, 1964; Kono, 1969; Post, 1971; Nicosia et al., 1975) .
In vitro culture of enzymatically isolated preantral follicles, which are not surrounded by a basal lamina, shows a spreading of granulosa cells from the oocytes (Maresh et al., 1990; Eppig, 1992) . In contrast, this latter alteration was not observed when mechanically isolated preantral follicles were cultured in vitro . The culture of preantral follicles surrounded by a natural basement membrane has many advantages including preservation of follicular morphology and maintenance of follicular adhesion to extracellular compounds . Thus, the presence of a basement membrane around the isolated follicles is important for further studies of in vitro culture of goat preantral follicles.
The percentage of primordial follicles was greater than for primary and secondary follicles in all cut intervals tested. Similar proportions were reported in histological studies in ovine (Driancourt et al., 1985) and bovine ovaries (Erickson, 1966b) . Rodrigues et al. (1998) and Amorim et al. (unpublished results) also showed similar results in the isolation of caprine and ovine preantral follicles, respectively. However, Hulshof et al. (1994) isolated a greater percentage of primary (57.2%) than primordial follicles (12.4%) from bovine fetal ovaries.
These authors suggest that the lesser percentage of isolated primordial follicles may be due to these follicles being tightly embedded in the tunica albuginea, whereby a mild mechanical treatment is not sufficient to isolate primordial follicles.
The diameters of isolated primordial, primary and secondary follicles were similar to the diameters reported for caprine (Rodrigues et al., 1998) and ovine (Amorim et al., unpublished results) preantral follicles, but were smaller than those reported for preantral follicles from bovine fetuses . The smaller diameter of the caprine preantral follicles may be due to species differences.
In conclusion, this work provides evidence that the number of isolated goat preantral follicles is affected by the interval of serial sections of ovarian tissue in the tissue chopper. The most desirable interval is 75.0 μm because it yielded the largest number of intact preantral follicles from adult goat ovaries. In the future, the recovery and culture of a large number of preantral follicles will be essential to provide viable oocytes for in vitro maturation and fertilization techniques, for multiplying valuable or endangered animals.
